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ABSTRACT
In this paper, we report our multiwavelength observations of the large-amplitude longitudinal oscil-
lations of a filament on 2015 May 3. Located next to active region 12335, the sigmoidal filament was
observed by the ground-based Hα telescopes from the Global Oscillation Network Group (GONG)
and by the Atmospheric Imaging Assembly (AIA) instrument aboard the Solar Dynamics Observa-
tory (SDO). The filament oscillations were most probably triggered by the magnetic reconnection
in the filament channel, which is characterized by the bidirectional flows, brightenings in EUV and
SXR, and magnetic cancellation in the photosphere. The directions of oscillations have angles of
4◦-36◦ with respect to the filament axis. The whole filament did not oscillate in phase as a rigid
body. Meanwhile, the periods (3100−4400 s) of oscillations have a spatial dependence, implying that
the curvature radii (R) of the magnetic dips are different at different positions. The values of R are
estimated to be 69.4−133.9 Mm, and the minimum transverse magnetic field of the dips is estimated
to be 15 G. The amplitudes of S5-S8 grew with time, while the amplitudes of S9-S14 damped with
time. The amplitudes of oscillations range from a few to ten Mm, and the maximal velocity can
reach 30 km s−1. Interestingly, the filament experienced mass drainage southwards at a speed of ∼27
km s−1. The oscillations continued after the mass drainage and lasted for more than 11 hr. After the
mass drainage, the phases of oscillations did not change a lot. The periods of S5-S8 decreased, while
the periods of S9-S14 increased. The amplitudes of S5−S8 damped with time, while the amplitudes
of S9-S14 grew. Most of the damping (growing) ratios are between -9 and 14. We propose a schematic
cartoon to explain the complex behaviors of oscillations by introducing thread-thread interaction.
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1. INTRODUCTION
Solar prominences are cool and dense plas-
mas in the hot corona (Tandberg-Hanssen 1995;
Martin 1998; Labrosse et al. 2010; Mackay et al.
2010; Parenti 2014). Long-term Hα observa-
tions of the full disk from the ground-based
telescopes have considerably improved our
understandings of prominence. On the so-
lar disk, they are dark features with parallel
fine threads, which are called filament. Fil-
aments are located along the polarity inver-
sion lines (PILs) either in the active regions
or in the quiet region, even near the polar
region (Su & van Ballegooijen 2012; Su et al.
2015). It is generally believed that promi-
nences/filaments are suspended by the upward
magnetic tension force of the sheared arcades
or magnetic flux ropes (Aulanier & Demoulin
1998; DeVore & Antiochos 2000; Yan et al.
2015). The formation of cool material in the
filament channels is partly associated with
chromospheric evaporation and the subse-
quent condensation along the dip as a re-
sult of thermal instability (Karpen et al. 2006;
Luna et al. 2012b; Zhou et al. 2014). Despite
of being stable during most of their lifetimes,
they are full of dynamics, such as counter-
streaming (Zirker et al. 1998; Schmieder et al.
2010; Chen et al. 2014), magneto-thermal con-
vection (Berger et al. 2008, 2011), and oscil-
lations (Lin 2011). When the filaments are
disturbed or the condition of a certain kind
of instability is fulfilled (To¨ro¨k et al. 2004;
Kliem & To¨ro¨k 2006; Li et al. 2015), they will
probably become unstable and erupt, gener-
ating flares (Ji et al. 2003; Zhang et al. 2015,
2017), jets (Sterling et al. 2015; Zhang et al.
2016), and coronal mass ejections (CMEs)
(Zheng et al. 2017).
Filament oscillations are ubiquitous in the so-
lar corona (Oliver & Ballester 2002; Arregui et al.
2012, and references therein). According to
the velocity amplitude, they can be classified
into small-amplitude oscillations (≤3 km s−1)
and large-amplitude oscillations (≥20 km s−1).
The former type is often caused by the prop-
agation of magnetohydrodymic (MHD) waves
with periods of a few minutes (e.g., Lin et al.
2007; Okamoto et al. 2007; Ning et al. 2009).
The later type, however, is often caused
by incoming disturbances, such as Moreton
waves and EUV waves at speeds of ∼1000
km s−1 (e.g., Eto et al. 2002; Gilbert et al.
2008; Asai et al. 2012). The direction of large-
amplitude filament oscillation could be hor-
izontal (Kleczek & Kuperus 1969) or verti-
cal to (Hyder 1966; Ramsey & Smith 1966;
Kim et al. 2014) the photosphere. The ampli-
tudes of displacement of the filament axis range
from several to tens of Mm (Dai et al. 2012;
Gosain & Foullon 2012). The period ranges
from a few minutes to hours (Isobe & Tripathi
2006; Shen et al. 2014a). The amplitudes
of oscillations always damp with time, and
the damping timescales are tens of minutes
(Bocchialini et al. 2011; Hershaw et al. 2011).
The detected periods are useful for indi-
rect diagnostics of magnetic field strength
(Pouget et al. 2006) and the angles between
the magnetic field and the filament main axis
(Re´gnier et al. 2001).
Apart from the large-amplitude transverse
oscillations, there are large-amplitude longitu-
dinal oscillations in filaments. For the first
time, Jing et al. (2003) observed filament os-
cillation along the axis using the Hα obser-
vations from the Big Bear Solar Observatory
(BBSO). Triggered by a subflare near a foot-
point of the filament, the oscillation lasted for
≥4 hr. The velocity amplitude, period, and
damping time are 92 km s−1, 80 minutes, and
210 minutes, respectively. Vrsˇnak et al. (2007)
observed similar periodic motion along the fil-
ament. Based on a magnetic flux rope model,
the authors proposed that the oscillation is trig-
gered by the poloidal magnetic flux injection by
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magnetic reconnection at one of the filament
legs and the restoring force is magnetic pres-
sure gradient along the filament axis. Using
the high-resolution and high-cadence Ca ii H
(3968.5 A˚) observations of the active region
(AR) 10940 from the Solar Optical Telescope
(SOT; Tsuneta et al. 2008) aboard the Hinode
spacecraft, Zhang et al. (2012) studied the lon-
gitudinal prominence oscillation, which lasted
for ≥3.5 hr on 2007 February 8. The initial ve-
locity, period, and damping timescale are 40 km
s−1, 52 minutes, and 133 minutes, respectively.
Combing the observation and one-dimensional
(1D) hydrodynamic (HD) numerical simula-
tion of prominence oscillations, they found that
the restoring force is the component of gravity
along the dip, which is supported by the fol-
lowing analytical solutions and numerical simu-
lations (e.g., Luna & Karpen 2012; Luna et al.
2012c; Zhang et al. 2013; Luna et al. 2016a,b).
A simple expression of the period of longitudi-
nal oscillation is derived, i.e., P = 2pi
√
R/g⊙,
where R and g⊙ represent the curvature radius
of the magnetic dip and the surface gravity
acceleration of the Sun. Therefore, it is in-
structive to estimate the curvature radius and
the lower limit of the transverse magnetic field
strength of the dip according to the observed
period (e.g., Bi et al. 2014; Luna et al. 2014;
Pant et al. 2016).
Unlike in the transverse oscillations, mass
drainage occasionally takes place in the large-
amplitude longitudinal oscillations. For the first
time, Bi et al. (2014) reported that a significant
amount of filament material was drained toward
the southern filament endpoint at a speed of 62
km s−1 after the oscillation. The authors con-
cluded that the mass drainage plays an impor-
tant role in the transition from the slow rise to
fast rise of the eruptive filament. Actually, the
mass drainage has been predicted by the numer-
ical simulation when the initial velocity exceeds
a critical value (see Fig. 8 in Zhang et al. 2013).
The remaining material continues to oscillate
with the same period, although the damping
time decreases remarkably. The continuing lon-
gitudinal oscillations after mass drainage, how-
ever, have never been observed and reported.
What are the differences of filament oscillations
before and after mass drainage? Moreover, the
growing amplitudes of longitudinal filament os-
cillations have not been noticed before. In this
paper, we report our multiwavelength observa-
tions of the large-amplitude longitudinal oscil-
lation of a filament on 2015 May 3, focusing
on its initiation, mass drainage, and the contin-
uing oscillation. Data analysis is described in
Section 2. Results are presented in Section 3.
Many aspects of longitudinal filament oscilla-
tions are discussed in Section 4. Finally, we
give a summary of the results in Section 5.
2. INSTRUMENTS AND DATA ANALYSIS
Located near NOAA AR 12335 (S14E47),
the intermediate filament was continuously
observed by the Global Oscillation Network
Group (GONG) in Hα line center (6562.8 A˚)
and the Atmospheric Imaging Assembly (AIA;
Lemen et al. 2012) aboard the Solar Dynam-
ics Observatory (SDO) in EUV wavelengths
(171, 304, and 335 A˚). The photospheric line-
of-sight (LOS) magnetograms were observed by
the Helioseismic and Magnetic Imager (HMI;
Scherrer et al. 2012) aboard SDO. The level 1
data from AIA and HMI were calibrated using
the standard Solar Software (SSW ) programs
aia prep.pro and hmi prep.pro. The full-disk
Hα and AIA 304 A˚ images are coaligned with
an accuracy of ∼1.′′2 using the cross correla-
tion method. The large-scale three-dimensional
(3D) magnetic configuration near the filament
was derived from the potential field source sur-
face (PFSS; Schrijver & De Rosa 2003) model-
ing. The soft X-ray (SXR) flux in 1−8 A˚ on
that day was recorded by the GOES spacecraft.
The observational parameters, including the in-
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Table 1. Description of the observational parameters
Instru. λ Time Cad. Pix. size
(A˚) (UT) (s) (′′)
GONG 6562.8 12:07−23:59 60 1.0
SDO/AIA 171 12:00−23:59 24a 0.6
SDO/AIA 304 12:00−23:59 24a 0.6
SDO/AIA 335 12:00−23:59 24a 0.6
SDO/HMI 6173 11:00−14:00 45 0.5
GOES 1−8 11:00−14:00 2.05 · · ·
aTo reduce workload, we use AIA data with a cadence
of 24 s, although the original cadence is 12 s.
strument, wavelength, time, cadence, and pixel
size are summarized in Table 1.
3. RESULTS
3.1. Magnetic field and configuration
Figure 1 shows the bright AR and dark fila-
ment observed in Hα, 304, 171, and 335 A˚ be-
fore oscillation. In panel (a), the AR with the
highest intensity is pointed by the white arrow.
The contours of positive and negative LOS mag-
netic field at 12:07:21 UT are superposed with
green and blue lines, respectively. It is obvious
that the sigmoidal filament is located along the
PIL. In panel (c), the 171 A˚ image indicates
that the filament is constrained by the overly-
ing right-skewed arcade with temperature of ∼1
MK.
In Figure 2, the left panel demonstrates the
HMI LOS magnetogram at 12:04:21 UT. The
intensity contours of the filament at 12:07:34
UT are superposed with orange lines, showing
that the long filament (∼370′′ in length) is lo-
cated between the positive and negative polari-
ties. The 3D magnetic configuration around the
filament using the PFSS modeling is displayed
in the right panel. It is clear that the magnetic
arcade overlying the filament is consistent with
that in the AIA 171 A˚ image (see Figure 1(c)).
3.2. Triggering of the filament oscillations
Before the filament oscillation, there was plau-
sible evidence of magnetic reconnection. Fig-
ure 3 shows eight snapshots of the EUV im-
ages in 171 A˚ during 12:00−12:27 UT (see
also the online animated figure). The fila-
ment was quiet and stable before 12:00 UT. Af-
ter ∼12:05:00 UT, bidirectional flows suddenly
appeared in the filament channel, which are
pointed by the white arrows in panel (b). The
plasmas moved northwards and southwards si-
multaneously, lasting for ≥30 minutes. In order
to investigate the bidirectional flows, we extract
the intensities along a straight line S0, which is
plotted in panel (g) with a long dashed line.
The temporal evolution of the intensities along
S0 in 171 A˚ is illustrated with the time-slice di-
agram in Figure 4, where s = 0′′ and s = 245.′′5
represent the southern and northern endpoints,
respectively. The bidirectional flows are obvi-
ously shown, with the slopes of the inclined
features stand for the speeds of outflows (e.g.,
Yang et al. 2015). The speed of northward flow
is ∼25 km s−1, while the speeds of southward
flows are ∼11 and ∼23 km s−1. The dark fila-
ment started to move southwards at ∼12:28 UT
at a speed of ∼26 km s−1.
In typical solar flares and microflares, free
magnetic energy is released and converted into
the thermal and kinetic energies of plasmas via
magnetic reconnection, and the intensities in
SXR and EUV increase significantly. For this
event, we observed brightenings of the threads
(see Figure 3). We sum up the EUV intensities
within the dashed box of Figure 1(b). In Fig-
ure 5, the temporal evolutions of the normalized
EUV intensities in 171, 304, and 335 A˚ are plot-
ted with magenta, red, and cyan lines, respec-
tively. The EUV intensities increased rapidly
from ∼12:05 UT and reached the maxima at
∼12:25 UT before decreasing gradually until
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Figure 1. The AR and filament observed in Hα, 304, 171, and 335 A˚. In panel (a), the contours (±200,
±300, and ±400 G) of positive and negative LOS magnetic field at 12:07:21 UT are superposed with green
and blue lines, respectively. In panel (b), the white dashed box is used to calculate the integral EUV
intensities around the filament. In panel (c), the arrow points at the hot arcade overlying the filament.
Figure 2. Left: HMI LOS magnetogram at 12:04:21 UT. The intensity contours of the filament at 12:07:34
UT are superposed with orange lines. Right: 3D magnetic configuration near the filament at 12:04:00 UT
using the PFSS modeling. Closed and open magnetic field lines are drawn with white and green lines. The
cyan and magenta arrows point at the AR and arcade, respectively.
∼13:30 UT. We also plot the GOES SXR light
curve in 1−8 A˚ with a black solid line. It
is obvious that the EUV intensities have close
correlations with the SXR light curve, imply-
ing that the increased SXR emission originates
mainly from the bright threads along the fila-
ment channels during that time. We also calcu-
lated the integral EUV intensities of AR 12335,
which are absolutely inconsistent with the SXR
light curve. It should be emphasized that the
brightening of the threads is so weak that it only
amounts to a B6.0 flare, i.e., a microflare.
Magnetic reconnection in the chromosphere
or corona are always associated with varia-
tion of the photospheric magnetic field, such
as emerging flux and magnetic cancellation
(e.g., Sterling & Moore 2005; Su et al. 2011;
Chen et al. 2015; Liu et al. 2016). Figure 6
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Figure 3. Eight snapshots of the EUV 171 A˚ images during 12:00−12:27 UT. In panels (b), (c), and (f),
“BFs” means bidirectional flows. In panel (e), the white circle indicates the position of magnetic cancellation.
In panel (g), the dashed line (S0) is used for investigating the magnetic reconnection before the filament
oscillations. In panel (h), the white arrows point at the bright, fine threads in the filament channel. (An
animation of this figure is available.)
Figure 4. Time-slice diagram of S0 in 171 A˚.
s = 0′′ and s = 245.′′5 in the y-axis represent the
southern and northern endpoints, respectively. The
speeds of bidirectional flows and filament are la-
beled next to the cyan dashed lines.
shows eight snapshots of the LOS magne-
tograms during 11:59−12:52 UT. After careful
inspection, we found that a tiny negative po-
larity was cancelled, which is indicated by the
white dashed circles. During 12:00−13:00 UT,
the area and strength of the negative polar-
ity adjacent to the filament channel decreased
gradually. We calculated the unsigned positive
and negative fluxes within the whole FOV. The
temporal evolutions of the fluxes are plotted
with red and blue lines in Figure 5(b). It is
revealed that the negative flux decreases gradu-
ally during 12:00−13:00 UT, which is coincident
with the period of brightenings of the threads
(see Figure 5(a)). Actually, the positive flux
also decreases by ∼1.5×1019 Mx at the same
time, which is approximately the same amount
as that of the negative flux. In Figure 3(e), we
label the region of magnetic cancellation with
a solid circle, which is very close to the source
region of the bidirectional flows. Therefore,
we conclude that the magnetic cancellation is
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Figure 5. (a) GOES SXR light curve in 1−8 A˚ (black) and normalized EUV light curves around the
filament channel in 171 A˚ (magenta), 304 A˚ (red), and 335 A˚ (cyan). (b) Temporal evolutions of the
unsigned positive (red) and negative (blue) magnetic fluxes within the field-of-view (FOV) of Figure 6.
temporally and spatially associated with the
brightenings of the threads heated by magnetic
reconnection.
3.3. Filament oscillations
After the magnetic reconnection and brighten-
ing in the filament channel, the filament oscil-
lated for more than 11 hr. The eight snapshots
of the Hα images in Figure 7 show an exam-
ple of one cycle of filament oscillation, where
the spine (S15) derived before the oscillation is
fixed (see also the online animated figure). It is
obvious that the dark filament material moved
southwestward from ∼16:34 UT until ∼17:15
UT. Then, the material moved backwards to its
initial position until ∼17:45 UT.
After a few cycles, the filament material un-
derwent mass drainage. Figure 8 shows eight
snapshots of the Hα images where the yellow
arrows indicate the directions of mass drainage.
It is clear that the material moved southwards
along the filament channel during 18:08−19:05
UT.
From the online animations, we found that
only part of the filament oscillated, instead of
the whole body. In Figure 9(a), We selected ten
positions along the oscillating segment. Using
the same method as that in Luna et al. (2014),
for each position, we extracted the Hα and EUV
intensities of 31 straight lines along 31 directions
ranging from 30◦ to 120◦ with respect to the EW
direction. We made time-slice diagrams along
the straight lines and compared the oscillation
patterns. The direction with the maximum am-
plitude is considered to be the real direction of
oscillation. In Figure 9(a), the ten magenta
lines (S5−S14 with length of 200′′) represent
the directions of oscillation at the ten positions.
The angles (θ) between the magenta lines and
the spine are displayed in Figure 9(b). It is re-
vealed that most of the angles lie in the range
of 14◦-28◦, with exceptionally low value of 4.2◦
and high value of 36.3◦. Therefore, the filament
oscillations are longitudinal. In the event of lon-
gitudinal filament oscillations on 2010 August
20, most of the angles between the spine and
directions of oscillations lie in the range of 15◦-
40◦ (Luna et al. 2014), which are close to our
results.
The time-slice diagrams of S5−S14 in Hα are
drawn in Figure 10. It is evident that oscilla-
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Figure 6. Eight snapshots of the HMI LOS magnetograms during 11:59−12:52 UT. The dashed circles
indicate where the magnetic cancellation occurs.
tions are present in all the diagrams. In panel
(a), there is a signature of mass drainage dur-
ing 18:08−19:05 UT, which is consistent with
the Hα images in Figure 8. Interestingly, the
oscillation did not cease after the drainage. In-
stead, the remaining part continued to oscil-
late, which has never been reported in pre-
vious literatures. Owing to the lower resolu-
tion and cadence of the Hα images, the oscilla-
tion patterns for S10−S14 are less clearer than
S5−S9. Due to the possible superposition of
multi-components along the line of sight, the ap-
parent trajectories of S10−S14 in Figure 10(f-j)
look larger than those of S5−S9 in Figure 10(a-
e).
Similar to Figure 10, Figure 11 shows the
time-slice diagrams of the ten slices in 171 A˚.
Thanks to the higher resolution and cadence of
AIA, the filament oscillations are much more
striking than in Hα. The oscillations present
very complex behaviors. On one hand, the am-
plitudes of oscillations of S5−S8 grew with time
before the mass drainage. Afterwards, the am-
plitudes damped with time. On the other hand,
the amplitudes of S9−S14 damped with time
initially and increased after mass drainage. It
is noticed that there are upper and lower wave
trains with almost antiphases along S9, imply-
ing multiple oscillating filament threads (see
panel (e)). Besides, the starting times of oscil-
lations for S5−S8 lag behind those of S9−S14
by approximately two hours.
In order to calculate the parameters of the
longitudinal filament oscillations, we mark the
positions of filament manually with white “+”
in Figure 11 and fit the curves using the
widely adopted function (e.g., Jing et al. 2003;
Vrsˇnak et al. 2007; Zhang et al. 2012):
y = y0 + bt + A sin(
2pi
P
t+ φ)e−t/τ , (1)
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Figure 7. Eight snapshots of the Hα images during 16:34−17:44 UT. (An animation of this figure is
available.)
where y0, A, and φ signify the initial position,
amplitude, and phase at 12:00 UT. b, P , and
τ stand for the linear velocity of the material,
period, and damping (growing) timescale of os-
cillation, respectively. The amplitudes of oscil-
lations are damping (growing) if τ is positive
(negative). In Figure 12, we plot the results of
curve fitting using the standard program mp-
fit.pro in SSW. The cyan and magenta lines
represent the results before and after the mass
drainage, respectively. It is obvious that the
function in Equation 1 can perfectly describe
the filament oscillations. The amplitudes of os-
cillations range from a few to ten Mm, and the
amplitudes of S5−S9 are slightly larger than
those of S10−S14. The fitted parameters, in-
cluding φ, P , and τ , are listed in the middle
three columns of Table 2. The calculated damp-
ing (growing) ratios (τ/P ) are listed in the last
column.
Based on the displacements of the filament in
Figure 12, we calculated the velocities of the
filament oscillations (v = ds/dt). The results of
calculation are displayed in Figure 13. It is clear
that the velocities of the filament range from 0
to 30 km s−1, although most of the values are
less than 20 km s−1.
In order to analyze the results more conve-
niently, we plot the parameters as a function
of slice number in Figure 14. In panel (a),
it is clear that the initial phases are different,
ranging from -1 to 4.5, which means that the
filament did not oscillate in phase as a solid
body. On the other hand, the phases did not
change a lot after the mass drainage for most
of the positions (slices) except S11 and S12,
which is in agreement with the prediction of nu-
merical simulation (Zhang et al. 2013). There
are two oscillations at two apparently different
locations along S11 and S12. Therefore, the
phases and other parameters do not neccessar-
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Figure 8. Eight snapshots of the Hα images during 18:08−19:05 UT. The yellow arrows indicate the
directions of mass drainage along the filament spine. (An animation of this figure is available.)
Figure 9. (a) The spine (S15) of the filament
(cyan) and ten slices (S5−S14) passing through the
filament (magenta). (b) The angles (θ in degree)
between the ten slices and spine.
ily match before and after the mass drainage.
In panel (b), the periods of oscillation range
from 3100 s to 4400 s, which are longer than
the values reported by Vrsˇnak et al. (2007);
Zhang et al. (2012); Luna et al. (2014), but
lower than the values reported by Jing et al.
(2003); Shen et al. (2014b); Wang et al. (2016).
Interestingly, the periods decreased after mass
drainage for S6-S9, but increased after mass
drainage for S10-S12, which has never been
reported before. In panel (c), most of the
damping (growing) timescales lie in the range
of -3×104 s to 5×104 s, which are in the
same order of magnitude as the previous val-
ues (Jing et al. 2003, 2006; Vrsˇnak et al. 2007;
Zhang et al. 2012; Luna et al. 2014). It is in-
teresting that the amplitudes of oscillations in-
creased before the mass drainage and decreased
afterwards for S6-S8. On the other hand, the
amplitudes decreased before the mass drainage
and increased afterwards for S9-S12. The ex-
traordinarily large values of τ (-88302.90 s and
373353.00 s) in Table 2 suggest that the am-
plitude almost keeps constant without damping
or growing, which has been noticed in previous
studies. On 2012 April 7, after longitudinal os-
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Figure 10. Time-slice diagrams of S5−S14 in Hα. s = 0′′ and s = 200′′ in the y-axis represent the southern
and northern endpoints of the slices. In panel (a), the white arrow points at the southwards mass drainage.
The thick white arrows point at the filament oscillations.
cillation without damping, the southern part of
a filament erupted and generated a flare/CME
event (Li & Zhang 2012). In panel (d), most
the damping (growing) ratios are in the range
of -9 to 14.
4. DISCUSSION
4.1. How are the filament oscillations
triggered?
Large-amplitude filament oscillations have
been observed and investigated for many
decades. The transverse oscillations can be
triggered by EUV waves (e.g., Asai et al. 2012;
Dai et al. 2012; Gosain & Foullon 2012), More-
ton waves (e.g., Eto et al. 2002; Gilbert et al.
2008; Liu et al. 2013), shock waves (Shen et al.
2014b; Pant et al. 2016), and magnetic re-
connection between the emerging flux and
the magnetic arcade overlying the filament
(Chen et al. 2008). For the longitudinal oscil-
lations, the triggering mechanisms are mostly
subflares (microflares) near the footpoints of
filaments (Jing et al. 2003; Vrsˇnak et al. 2007;
Zhang et al. 2013), episodic jets (Luna et al.
2014), and shock wave (Shen et al. 2014b;
Pant et al. 2016). In our study, the filament
oscillations are triggered by a ∼B6.0 microflare
within the filament channel. As described in
Section 3.2, the magnetic reconnection is char-
acterized by the bidirectional flows (see Fig-
ure 3), EUV and SXR brightenings (see Fig-
ure 5(a)), and magnetic cancellation in the pho-
tosphere (see Figure 5(b) and Figure 6). The
magnetic reconnection plays a key role in the
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Figure 11. Time-slice diagrams of S5−S14 in 171 A˚. s = 0′′ and s = 200′′ in the y-axis represent the
southern and northern endpoints of the slices. In panel (a), the white arrow points at the southwards mass
drainage at the speed of ∼27 km s−1. We mark the positions of filament manually with white “+”, which
are used for curve fitting in Figure 12.
reconfiguration of the magnetic topology, which
serves as a disturbance to the filament. There-
fore, longitudinal filament oscillations are trig-
gered in the directions that have angles of 4◦-36◦
with respect to the axis (see Figure 9). As illus-
trated in the cartoon of Shen et al. (2014b), the
direction of filament oscillation depends closely
on the direction of incoming disturbance. In
this study, the bidirectional flows within the
filament channel are consistent with the lon-
gitudinal oscillations. Hence, the oscillations
could not be transverse.
4.2. Curvature radii and magnetic field
strength of the dips
As to the restoring forces of the longitudinal
filament oscillations, there are a few explana-
tions, such as the magnetic pressure gradient
along the filament axis (Vrsˇnak et al. 2007),
magnetic tension and gravity (Li & Zhang
2012), magnetic pressure and gravity (Shen et al.
2014b). Both analytical solutions and numer-
ical simulations have proven that the domi-
nant restoring force is the gravity of filament
along the magnetic dip (Luna & Karpen 2012;
Luna et al. 2012c; Zhang et al. 2012, 2013;
Terradas et al. 2015). According to the for-
mula (P = 2pi
√
R/g⊙) and the periods of os-
cillations in Table 2, the curvature radii of the
magnetic dips supporting the filament can be
estimated. Figure 15 shows the results of es-
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Figure 12. Fitted curves of the longitudinal filament oscillations before (cyan) and after (magenta) the
mass drainage.
timated values (69.4−133.9 Mm), which are
larger than the values (43−66 Mm) reported
by Luna et al. (2014). Besides, according to
the formula (Btr[G] ≥ 17P [hr]) in Luna et al.
(2014) and the periods in Table 2, the lower
limit of the transverse magnetic field strength
of the dips is estimated to be 15 G, which is close
to the values reported by Luna et al. (2014) and
Bi et al. (2014).
4.3. Why do the amplitudes of oscillations
damp and grow?
Compared to the restoring force, the damping
mechanism of longitudinal oscillations is poorly
understood. Using the 1D HD numerical simu-
lations, Zhang et al. (2013) found that the ma-
jor damping mechanism is optically thin radia-
tive loss, although the role of thermal conduc-
tion could not be ignored. In the case of ex-
tremely large amplitudes so that part of the
filament material drain into the chromosphere
along one of the leg, the remaining part contin-
ues to oscillate, whose damping timescale is sig-
nificantly shortened. On the other hand, grad-
ual mass loading is believed to play an impor-
tant role in the fast damping of longitudinal
oscillations (Luna & Karpen 2012; Luna et al.
2014; Ruderman & Luna 2016). It is not easy
to distinguish the two mechanisms from obser-
vations, such as τ/P . However, considering that
the filament material is supported by the mag-
netic tension force of the dip, continuous mass
accretion may reduce the curvature radius of
the dip and the period of oscillation accordingly.
In our study, the periods nearly keep constant
both before and after the mass drainage (see
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Figure 13. Velocities of the longitudinal filament oscillations before (cyan) and after (magenta) the mass
drainage.
Figure 12). Hence, we incline to the believe that
the longitudinal oscillations are damped via ra-
diative loss of the coronal and transition region
plasmas surrounding the filament.
Surprisingly, we observed amplitude growth
with time, i.e., negative τ , which has never
been reported and explored. The growth of
amplitude in coronal loop oscillations is equally
rare. For the first time, Wang et al. (2012) ob-
served growing transverse oscillations of a mul-
tistranded coronal loop with period of ∼230
s. The growing times for the upper and lower
strands are 1248 s and 759 s. The growing ra-
tio (τ/P ) are 5.43 and 3.26, respectively. The
authors proposed that the amplitude-growing
kink oscillations may result from continuous
non-periodic driving by magnetic deformation
of the CME. In our study, the growth occurred
at certain positions and certain times (see Fig-
ure 12 and Figure 14(c)), and most of the grow-
ing ratios lie in the range of -1.5 to -9. Fol-
lowing the previous work (Zhang et al. 2013),
Zhou et al. (2017) conducted 1D radiative HD
numerical simulations of longitudinal filament
oscillations when two threads are magnetically
connected. The thread-thread interaction is in-
vestigated in detail. In case A (see their Fig.
3), the displacement of the active thread can
be perfectly described by an exponentially de-
creasing sine function. The amplitude of the
passive thread, however, increases rapidly dur-
ing the first 85 minutes before decreasing grad-
ually. Since the initial perturbation is imposed
in the active thread, the energy is transferred
from the active thread to the passive thread by
sound waves (see their Fig. 2), which leads to
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Table 2. Fitted parameters of the longitudi-
nal filament oscillations
Slice φ P τ τ/P
(rad) (second) (second)
S5 -0.96 4221.50 -6643.58 -1.57
S6 0.22 4392.44 -9488.63 -2.16
S6 0.17 3234.76 8968.83 2.77
S7 2.69 3892.72 -8192.06 -2.10
S7 1.42 3299.90 7555.92 2.29
S8 0.47 3647.18 -88302.90 -24.21
S8 -0.73 3162.51 10477.20 3.31
S9 1.37 3534.62 19656.30 5.56
S9 2.24 3386.17 -30292.90 -8.95
S9 -0.97 3495.27 16461.10 4.71
S10 3.77 3809.15 11387.30 2.99
S10 2.94 3978.81 -25054.50 -6.30
S11 2.30 3468.91 18338.90 5.29
S11 4.54 4135.59 -16907.70 -4.09
S12 2.75 3559.89 48121.20 13.52
S12 -1.09 4211.97 -9133.60 -2.17
S13 1.42 3429.04 27612.80 8.05
S14 0.35 3245.81 8304.86 2.56
S14 -0.81 3573.13 373353.00 104.49
the rapid growth of amplitude of the passive
thread. As time goes on, the transferred energy
is overtaken by the radiative loss and thermal
conduction. Therefore, the amplitude of the
passive thread begins to decrease. In our study,
the oscillations along S5, S6, S7, and S8 are
somewhat similar to the situation of the passive
thread (see Figure 13), implying that thread-
thread interaction may exist during the oscil-
lations. To explain the complex behaviors of
the longitudinal filament oscillations, we tenta-
Figure 14. (a-c) Parameters of the filament oscil-
lations, including the initial phase, period, damping
(growing) timescale. The damping (growing) ratios
are calculated and plotted in panel (d). The cyan
and magenta symbols represent the results before
and after the mass drainage.
tively propose a schematic cartoon by introduc-
ing the thread-thread interaction. In Figure 16,
the two filament threads (thd 1 and thd 2) are
supported by two magnetic dips with different
curvature radii. The oscillations of thd 1 repre-
sent the oscillations along S5-S8, and the oscil-
lations of thd 2 represent the oscillations along
S9-S14. When the filament is disturbed by a
subflare or microflare in the filament channel,
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Figure 15. Estimated curvature radii (R) of the
magnetic dips supporting the filament according to
the observed periods. The cyan and magenta sym-
bols represent the results before and after the mass
drainage.
it starts to oscillate. Before mass drainage, the
periods and curvature radii of thd 1 are larger
than those of thd 2. The oscillation of thd 2
is active, while the oscillation of thd 1 is pas-
sive or driven, since the amplitudes of S9−S14
damp with time, while the amplitudes of S5-S8
grow with time. Besides, the starting times of
oscillations of S5-S8 seem to be delayed com-
pared with S9-S14, which is consistent with the
result of simulations. The mass drainage plays
a key role in altering the magnetic configura-
tion of the filament, so that the roles of threads
at different places change. It is likely that the
southward mass drainage results in decrease (in-
crease) of curvature radii of thd 1 (thd 2), re-
spectively. After mass drainage, the situations
change significantly. The periods and curvature
radii of thd 1 are lower than those of thd 2. The
oscillation of thd 1 is active, while the oscilla-
tion of thd 2 is passive, since the amplitudes of
S5-S8 damp with time, while the amplitudes of
S9-S14 grow with time. In the next step, we will
investigate the thread-thread interaction during
the longitudinal filament oscillations with mass
exchange included.
5. SUMMARY
In this paper, we report our multiwavelength
observations of the large-amplitude longitudinal
filament oscillations on 2015 May 3 using vari-
ous instruments. The main results are summa-
rized as follows.
1. The sigmoidal filament was located next
to AR 12335. Large-scale magnetic con-
figuration and the EUV images in 171 A˚
reveal that it was constrained by the over-
lying arcade.
2. The filament oscillations were most prob-
ably triggered by the magnetic reconnec-
tion in the filament channel, which is
characterized by the bidirectional flows,
brightenings in EUV and SXR, and mag-
netic cancellation in the photosphere.
3. The directions of oscillations have angles
of 4◦-36◦ with respect to the filament axis.
The whole filament did not oscillate in
phase as a rigid body. Meanwhile, the
periods of oscillations, ranging from 3100
s to 4400 s, have a spatial dependence,
implying that the curvature radii of the
magnetic dips are different at different po-
sitions. The values of R are estimated
to be 69.4−133.9 Mm, and the minimum
transverse magnetic field of the dips is es-
timated to be 15 G. The amplitudes of S5-
S8 grew with time, while the amplitudes
of S9-S14 damped with time. The am-
plitudes of oscillations range from a few
to ten Mm, and the maximal velocity can
reach 30 km s−1.
4. Interestingly, the filament experienced
mass drainage southwards at a speed of
∼27 km s−1. The oscillations continued
after the mass drainage and lasted for
more than 11 hr. After mass drainage,
the phases did not change a lot, which is
consistent with the prediction of HD nu-
merical simulation. The periods of S5-S8
decreased, while the periods of S9-S14 in-
creased. The amplitudes of S5-S8 damped
with time, while the amplitudes of S9-S14
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Figure 16. A schematic cartoon to illustrate the thread-thread interaction during the filament oscillations
before and after the mass drainage. The two filament threads (thd 1 and thd 2) are supported by two
magnetic dips that have different curvature radii. The green arrow represents the direction of mass drainage
to the photosphere (see text for details).
grew. Most of the damping (growing)
ratios are between -9 and 14.
5. We propose a schematic cartoon to illus-
trate the complex behaviors of oscillations
by introducing thread-thread interaction.
The positions of active and passive oscil-
lations change after the mass drainage,
which is possibly due to the magnetic con-
figuration of the filament channel is al-
tered. Our results provide strong con-
straints to the future theoretical models
of filament oscillations. Additional case
studies and numerical simulations are ur-
gently required to understand the nature
of filament oscillations.
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